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SIntroduction: This audit examines our total experience with penetrating thoracic trauma. It reviews all the pa-
tients who were brought alive to our surgical service and all who were taken directly to the mortuary. The group
of patients who underwent emergency operation for penetrating thoracic trauma is examined in detail.
Methodology:A prospective trauma registry is maintained by the PietermaritzburgMetropolitan Complex. This
database was retrospectively interrogated for all patients requiring an emergency thoracic operation for penetrat-
ing injury from July 2006 till July 2009. A retrospective review of mortuary data for the same period was un-
dertaken to identify patients with penetrating thoracic trauma who had been taken to the forensic mortuary.
Results: Over the 3-year period July 2006 to July 2009, a total of 1186 patients, 77 of whom were female, were
admitted to the surgical services in Pietermaritzburg with penetrating thoracic trauma. There were 124 gunshot
wounds and 1062 stab wounds. A total of 108 (9%) patients required emergency operation during the period
under review. The mechanism of trauma in the operative group was stab wounds (n ¼ 102), gunshot wound
(n ¼ 4), stab with compass (n ¼ 1), and impalement by falling on an arrow (n ¼ 1). Over the same period
676 persons with penetrating thoracic trauma were taken to the mortuary. There were 135 (20%) gunshot
wounds of the chest in the mortuary cohort. The overall mortality for penetrating thoracic trauma was 541
(33%) of 1603 for stab wounds and 135 (52%) of 259 for gunshot wounds of the chest. Among the 541 subjects
with stab wounds from the mortuary cohort, there were 206 (38%) with cardiac injuries. In the emergency op-
eration group there were 11 (10%) deaths. In 76 patients a cardiac injury was identified. The other injuries iden-
tified were lung parenchyma bleeding (n ¼ 12) intercostal vessels (n ¼ 10), great vessels of the chest (n ¼ 6),
internal thoracic vessel (n ¼ 2), and pericardial injury with no myocardial injury (n¼ 2). Most patients reached
the hospital within 60 minutes of sustaining their injury. A subset of 12 patients had much longer delays of 12 to
24 hours. Surgical access was via median sternotomy in 56 patients and lateral thoracotomy in 52. The overall
mortality for penetrating cardiac trauma in our series was 217 (76%) of 282.
Conclusions: Penetrating thoracic trauma has a high mortality rate of 30% for subjects with stab wounds and
52% for those with gunshot wounds. Less than a quarter of patients with a penetrating cardiac injury reach the
hospital alive. Of those who do and who are operated on, about 90 percent will survive. Other injuries necessi-
tating emergency operation are lung parenchyma, intercostal vessels and internal thoracic vessels, and great
vessels of the thorax. Gunshot wounds of the thorax remain more lethal than stab wounds. (J Thorac Cardiovasc
Surg 2011;142:563-8)Penetrating thoracic trauma is a common problem in South
Africa and is associated with a high mortality rate.1-5 This
study reviews all penetrating thoracic trauma in a single
urban conurbation over a 3-year period by auditing the total
number of subjects seen at the 3 government hospitals and
a single police mortuary that constitute the Pietermaritzburg
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The Journal of Thoracic and Cafor the establishment of an overall mortality rate for pene-
trating thoracic trauma. Of the subjects with penetrating
thoracic trauma who survive to reach the hospital alive,
themajority can bemanaged nonoperatively although a sub-
set of patients require an urgent operation.1,4 This study
analyzes the subset of patients who required urgent
surgery after reaching the hospital alive, reviewing their
clinical presentation, operative findings, and clinical
outcome.
METHODOLOGY
The Pietermaritzburg Metropolitan Complex consists of
3 hospitals. There is no specialist thoracic surgical service
in the complex and all trauma patients are primarily man-
aged by the general surgical service. For the purposes of
this study, penetrating thoracic traumawas defined as a pen-
etrating injury below the clavicles superiorly and above therdiovascular Surgery c Volume 142, Number 3 563
Abbreviations and Acronyms
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Slevel of the twelfth rib inferiorly. We did not perform emer-
gency room thoracotomy in this series. The logistical con-
straints in our receiving areas are such that such
a procedure is futile and we discourage it. All patients
with penetrating thoracic trauma in Pietermaritzburg are as-
sessed by the surgical staff in our receiving departments.
Standard resuscitation protocols are followed. We attempt
to restrict the volume of fluid administered before the oper-
ation, especially if the clinical problem is one of cardiac
tamponade. Unstable patients or transient responders are
taken directly to the operating theater. We diligently look
for signs of cardiac tamponade. A chest radiograph is
always obtained where possible. We make liberal use of
central venous pressure measurements in patients with
suspected cardiac injury. Electrocardiography is performed
on an individual basis as an adjunct to clinical assessment.
We did not have surgeon-performed ultrasound available
during the period of this study. If indicated, we requested
a formal radiologist-performed transabdominal ultrasound
or a computed tomographic (CT) scan. We do not use chest
drain output in isolation as an indication for surgery. We
make use of an anterolateral thoracotomy for urgent surgi-
cal access and when we are confident that the anticipated in-
jury can be reached through a unilateral incision. If not, we
use median sternotomy.We reserve subxiphisternal window
for patients who are in stable condition andwho have a small
pericardial effusion on imaging. We do not perform pericar-
diocentesis. A prospective trauma registry is maintained by
the general surgical service of the Pietermaritzburg Metro-
politan Complex. This database is retrospectively interro-
gated. All patients requiring emergency operation for
penetrating thoracic trauma for the period July 2006 till
July 2009 were included in this audit. Standard demo-
graphic data were recorded. Time from injury to operation
as well as physiologic parameters on presentation, clinical
findings, and results of radiologic investigations were docu-
mented. All operative findings were recorded, including the
surgical approach used. A retrospective review of mortuary
data for the same period was undertaken to identify patients
with penetrating thoracic trauma who had been taken to the
forensic mortuary. Data recorded from the mortuary cohort
included the mechanism of the penetrating trauma (stab or
gunshot) and the injured structure responsible for death
(cardiac injury or other injury). The site of retrieval of the
corpsewas recorded as either a health care facility, implying
that the subject reached the hospital with some signs of life,564 The Journal of Thoracic and Cardiovascular Surgor from the scene, implying that the subject died at the
scene.RESULTS AND FINDINGS
Demographics
Over the 3-year period July 2006 to July 2009, a total of
1186 patients with penetrating chest trauma were admitted
to the surgical services in Pietermaritzburg. There were 77
female patients and 1109 male patients in this cohort. The
group included 1062 (90%) with stab wounds (SWs) and
124 (10%) with gunshot wounds (GSWs). For the same pe-
riod, 676 subjects with penetrating thoracic trauma were
taken to the mortuary. This is an overall mortality rate of
56%. There were 135 GSWs of the chest and 541 thoracic
SWs in the mortuary cohort. This was a statistically signif-
icant difference (P value, .00005). The overall mortality for
SWs of the chest is 541 (33%) of 1603 and for GSWs of the
chest it is 135 (52%) of 259. In the hospital cohort, a total of
108 (9%) patients required an emergency operation during
the period under review. Tables 1 and 2 summarize the
demographic data. The mechanism of trauma in the
operative group was SW (n ¼ 102), GSW (n ¼ 4), stab
with compass (n ¼ 1), and impalement by falling on an
arrow (n ¼ 1).Clinical Presentation
Fifty-three patients were in the operating room within 4
hours of sustaining their injury (average, 93 minutes; range,
15-300 minutes). Twelve patients had much longer delays
of 12 to 48 hours. All these patients were observed in pe-
ripheral hospitals before being transferred to our center.
In the remaining patients, the time from incident to defini-
tive management was not recorded. Two patients with
cardiac injuries were inappropriately observed in our insti-
tution for 4 hours. The reasons for this were multiple torso
SWs in 1 and relative stability in the second. Tamponade de-
veloped in this patient after 3 hours’ observation, with in-
creasing acidosis and distress. At surgery a minor injury
to the right atrium was identified. The average systolic
blood pressure on presentation was 94  45 mm Hg. In
20 patients features of the Beck triad were identified and
documented during initial assessment. In all 20, cardiac
tamponade was diagnosed at operation. In a single patient
with a bleeding lung laceration, the rapid filling of 2 chest
drain bottles prompted surgical intervention.Radiologic Investigation
Chest radiography was performed in 48 patients. The
findings were related to the central mediastinal structures
in 25. These included globular heart (n ¼ 20), pneumome-
diastinum (n ¼ 3), and widened mediastinum (n ¼ 2). Both
patients with a widenedmediastinum had an aortic injury. In
all 23 patients with cardiac abnormalities on radiography,ery c September 2011
TABLE 1. Demographics and overall mortality rates
PTT (no.) SW GSW
Hospital (1186) 1062 (90%) 124 (10%)*
Mortuary (676) 541 (80%) 135 (20%)*
Total (hospital and mortuary) 1603 259
Uncorrected c2 32.55
Total PTT (1862) 1603 259
Overall mortality rates 541/1603 (33%) 135/259 (52%)
PTT, Penetrating thoracic trauma; SW, stab wound; GSW, gunshot wound. *P
value, .00005.
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Scardiac injury was found at operation. The injury was noted
to involve the pleural space in 20 cases. These included left
hemothorax (n ¼ 14), left pneumothorax (n ¼ 3), and right
hemothorax (n ¼ 3). Emergency cardiac ultrasound per-
formed by a radiologist was undertaken in 2 patients and
demonstrated a significant pericardial effusion in both. A
CT scan was performed in 6 patients and showed a pericar-
dial effusion in 4 and a wall defect in 2. All patients who had
a CT scan arrived 12 hours after the injury and were in he-
modynamically stable condition.
Operative Findings
Surgical access was via median sternotomy in 56 patients
and lateral thoracotomy in 52. In 76 patients a cardiac injury
was identified. The other injuries identified were lung pa-
renchyma (n ¼ 12), bleeding intercostal vessels (n ¼ 10),
great vessels of the chest (n ¼ 6), internal thoracic vessel
(n ¼ 2), and pericardial injury with no myocardial injury
(n ¼ 2). Table 3 summarizes the operative findings. There
were injuries to the right atrium (n ¼ 3), left atrium
(n ¼ 4), right ventricle (n ¼ 38), and left ventricle
(n ¼ 31). Table 4 summarizes the injuries according to
chamber. All of the patients with a delay of 12 hours or
greater had superficial myocardial lacerations that had
stopped bleeding at the time of operation. They all survived.
A single patient had electrocardiographic signs of cardiac
ischemia after the ligation of a coronary vessel. He was
taken back to the theater where the injury was controlled
with a mattress suture, after which the occluding suture
was removed. This patient ultimately survived and was dis-
charged from the hospital. An injury to a great vessel of the
chest was identified in 6 cases. These vessels included the
left subclavian artery (n ¼ 2), superior vena cava (n ¼ 2),
and the aortic arch (n ¼ 2). Other bleeding structures in-
cluded lung parenchyma (n ¼ 12), intercostal vessels
(n ¼ 10), internal thoracic vessel (n ¼ 2), and a pericardial
TABLE 2. Penetrating thoracic trauma: Hospital cohort
PTT (no.) SW GSW
Hospital (1186) 1062 (90%) 124 (10%)
Nonoperative (1075) 958 (85%) 120 (11%)
*Operative (108) 104 (96%) 4 (4%)
PTT, Penetrating thoracic trauma; SW, stab wound; GSW, gunshot wound. *Three pa-
tients were not included in the data on formal emergency surgery.
The Journal of Thoracic and Cainjury with no myocardial injury (n ¼ 2). A single sternot-
omy incision developed superficial skin sepsis and another
broke down, necessitating that the patient be returned to the
theater for the incision to be closed. In 2 patients a subxi-
phoidal exploration was used to exclude cardiac tampo-
nade. These patients are not included in the 108 formal
emergency operations.Mortality
The overall mortality for penetrating thoracic trauma was
135 (52%) of 259 for GSWs and 541 (33.7%) of 1603 for
SWs. In the operative group there were 11 (10%) deaths. Of
the 11 patients who died, 3 underwent laparotomy and tho-
racotomy. In 2 of these there was incorrect sequencing (lap-
arotomy before thoracotomy). The other patient in this
subset underwent correct sequencing, but the patient had
been inappropriately observed in hospital for 5 hours de-
spite the presence of a persistent acidosis and was only
taken for operation when his condition deteriorated dramat-
ically. His death must be attributed to delay in recognition
of his condition rather than to the additional laparotomy.
All of the deaths occurred in the cardiac injury group.
One of the patients who died had a combined cardiac and
aortic arch injury. We observed one 5-cm injury to the left
atrium, 5 injuries to the left ventricle, and 4 injuries to the
right ventricle. All ventricular wounds were large lacera-
tions of 1.5 to 4 cm in length. One of the patients who
died had a delay of 12 hours before arrival at our center
and a 2-cm laceration in the right ventricle. In the SW subset
from the mortuary cohort, 206 cardiac injuries were identi-
fied. Of the 206 patients with cardiac injuries identified at
the mortuary, 27 initially were taken to a hospital alive
but died without the being operated on. These hospitals
were all outside the 3 hospitals in the metropolitan complex.
The overall mortality for penetrating cardiac trauma is 217
(76%) of 282.DISCUSSION
The etiology of penetrating thoracic trauma in Kwa-Zulu
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Searly 1990s, a dramatic increase in GSWs was noted over
a relatively short period of time. A large forensic and hospi-
tal study from Durban found that GSWs increased from
34% of all thoracic injuries in 1990 to 50% 2 years later.2
Although the total number of hospital admissions had not
changed over a decade, there had been significant changes
in the modality of injury. SWs declined by one third
whereas GSWs increased by more than 800%. The in-
creased severity of GSWs was evidenced by the observation
that direct admission to the mortuary was 3 times as com-
mon in cases of GSW compared with SW. The hospital mor-
tality rate for GSWs was 8 times that for SWs. This
dramatic increase was also commented on in a study com-
paring hospital admissions with mortuary data for penetrat-
ing cardiac injury in Durban over the same period.3 The
exceptionally high incidence of GSWs documented in these
2 studies seems to have declined somewhat in the interven-
ing 15 years. In a 1-year audit of thoracic trauma from Dur-
ban in the year 2000, thoracic GSWs comprised only about
20% of admissions for thoracic trauma.4 We had a low in-
cidence of GSWs (10%) compared with SWs in our opera-
tive series. It would appear that the incidence of GSW, albeit
still high, has stabilized in our environment and the extraor-
dinarily high incidence seen in the early 1990s has dramat-
ically decreased. However, the increased severity of GSW
of the chest is demonstrated by the fact that in our mortuary
data the proportion of GSWs (20%) was double that in the
hospital group (10%). The overall mortality rate for pene-
trating thoracic trauma remains high. For SWs it is in the or-
der of one third, and just over half of the subjects with
thoracic GSWs die (Tables 1 and 2).
The average time from incident to operative intervention
in this series is 1½ hours. Once at our center, our receiving
staff are familiar with the problem. However, even rela-
tively experienced staff can be misled. Two patients with
cardiac injury were inappropriately observed in our institu-
tion for 4 and 5 hours, respectively, before operative inter-
vention was instituted. This delay resulted in the death of
1 of these patients.
Penetrating cardiac trauma has a reported mortality rate
of 40% to 90%.3,6-15 Hospital-based studies are biased in-
asmuch as they tend to ignore mortuary data. Our results
confirm this with stabbed hearts from the mortuary cohort
outnumbering those from the hospital cohort by two thirds.
Earlier postmortem data from our institution suggested that
even this ratio may be optimistic.3 Establishing the diagno-
sis of a penetrating cardiac wound may be difficult and the
diagnosis may be missed entirely.3 In our mortuary series
about 14% of patients with cardiac injuries had died in
a hospital without the diagnosis being made. Patients with
a penetrating cardiac injury may fall into 1 of 3 groups.13,14
The patient in extremis, the partially compensated transient
responder, or the relatively asymptomatic patient with an
SW to the precordium. Patients who are in extremis may566 The Journal of Thoracic and Cardiovascular Surgbenefit from an emergency department thoracotomy.
Logistically, emergency department thoracotomy is very
difficult in our environment and we do not encourage it.
In the absence of surgeon-performed cardiac ultrasound,
our assessment of penetrating thoracic trauma remains by
necessity clinical. We look for features of cardiac tampo-
nade. These features may not be present or may be difficult
to elicit. In only 20 (29%) of our series was a firm diagnosis
of cardiac tamponade recorded. However, when present, we
found it to be highly predictive of cardiac tamponade.13,14
Our indications for operation are ongoing hemodynamic
instability and acidosis with or without the presence of
clinical features of cardiac tamponade.
We obtained a chest radiograph in just under half of our
cohort. The chest radiograph demonstrated a cardiac injury
in 25 patients. In each of these patients cardiac or pericar-
dial injury was confirmed at operation. This suggests that
cardiac abnormalities on chest x-ray films are suggestive
of penetrating cardiac injury. In the remainder, the injury
demonstrated on the chest x-ray film involved the pleural
space. The presence of mediastinal widening rather than
a globular heart should raise the suspicion of a mediastinal
injury, rather than a cardiac injury. We had 2 patients with
mediastinal widening and both had a great vessel injury.
We have found the strain patterns seen on electrocardiogra-
phy to be nonspecific. In the absence of signs of cardiac
tamponade, our most common indication for operative ex-
ploration was ongoing hemodynamic instability. Chest
drain output is not a reliable sign.15 Chest drains may be
blocked or badly positioned. Chest drain output must be in-
terpreted in conjunction with the overall clinical picture.
If the clinical findings are equivocal and the patient re-
mains in hemodynamically stable condition, a number of
diagnostic modalities may be helpful.16-24 For an
investigation to be of benefit it must be readily available
on demand, noninvasive, mobile, repeatable, and accurate.
Surgeon-performed ultrasound meets these criteria. We per-
formed cardiac ultrasound in 2 patients and this confirmed
pericardial fluid in both cases.16,17 The fact that 2 patients
with a cardiac injury were inappropriately observed for
over 4 hours in our institution highlights the need for
surgeon-performed cardiac ultrasound.16-19 In stable
patients who arrive several hours after injury, CT scan
will demonstrate blood in the pericardial sac.20 We per-
formed CT scan in 6 patients. Once CT scan confirmed peri-
cardial fluid, we subjected all of these patients to formal
operative exploration and drainage. All of these patients
had minor cardiac injuries that had stopped bleeding by
the time they were brought to our center. This is the group
that may be suitable for a more conservative management
approach. The use of a subxiphoidal exploration to exclude
hemopericardium has been advocated in other regions but
has traditionally been viewed with a degree of skepticism
in South Africa.5,7,15,22-26 Recently, the Cape Town groupery c September 2011
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Spublished their experience with the use of subxiphoidal
exploration and drainage alone in patients with minor
grades of myocardial injury who arrived for treatment
several hours after the injury.25,26 Thoracoscopic
assessment has also been used in this subset of patients.25,26
The anatomy of the heart determines the likelihood of
chamber injury.14 The literature reports that the right and
left ventricles are injured 43% and 33% of the time, respec-
tively, whereas for the atria right-sided injuries are seen in
14% and left-sided lesions in 5% of cases. Great vessel in-
juries occur in 5% of cases.10,13,14 Our own experience is
very much in keeping with these reported findings. Injury
to the lung parenchyma is the next most common source
of bleeding, followed by internal thoracic or intercostal
vessel bleeding. Injury to the great vessels of the thorax is
not common in hospital-based studies inasmuch as only mi-
nor injuries to these vessels are usually compatible with sur-
vival.27-29 Less than a third of patients with a penetrating
cardiac injury will reach our center alive. Our mortality
rate (10%) for penetrating cardiac trauma treated
surgically compares favorably with the reported mortality
rates from overseas centers of under 9% for all cardiac
injuries.6,7-14 The deaths in our operative group series were
all from cardiac injury. Delay in making the diagnosis was
a major contributing factor in 2 of the 11 deaths. Large
lacerations with pleural breech were also associated with
mortality, as were combined cardiac and aortic injury.
The decision as to which surgical approach to use de-
pends on the mechanism of trauma, the site of the wounds,
and the expected injuries.29 Median sternotomy is more dif-
ficult to perform than a lateral incision and more difficult to
close. Sternal sepsis after such an emergency approach is
a consideration. We had a single incision in which superfi-
cial skin sepsis developed and another that broke down and
required a return to the theater for closure. However, me-
dian sternotomy gives excellent exposure to the anterior
mediastinal structures. Access to the aortic arch is limited
by a lateral thoracotomy. We advocate median sternotomy
for all parasternal stab wounds and in cases in which there
is the potential for an injury to the great vessels. If the
wound is more peripheral or if absolutely urgent access is
needed, an anterolateral thoracotomy through the fourth
or fifth intercostal space is easy to perform and provides ad-
equate exposure.We do not have access to cardiopulmonary
bypass or to a dedicated specialist cardiothoracic service at
our center. Although complex cardiac injuries may require
cardiopulmonary bypass, long delays in transportation to
the hospital mean that it is unlikely that persons with such
complex injuries would reach our center alive.
CONCLUSIONS
Penetrating thoracic trauma remains a common problem
with a high mortality rate. Although the incidence of GSWs
has declined somewhat, they remain much more lethal thanThe Journal of Thoracic and CaSWs. The vast majority of patients with penetrating thoracic
trauma who survive to reach the hospital alive can be man-
aged nonoperatively. In 10% of cases emergency operation
is necessary. The most common injury to necessitate an
emergency operation after penetrating thoracic trauma is
a cardiac injury. In our environment, less than one third of
patients with a penetrating cardiac injury will reach the hos-
pital alive. If they are operated on, the survival is in the or-
der of 90%. Delays and large lacerations with pleural
breech are associated with mortality. In about a third of
cases the injury necessitating operative intervention is not
a cardiac injury. These injuries are usually easily dealt
with by ligation or suturing. Occasionally, cervicomediasti-
nal and thoracic inlet vascular injuries may require complex
repair. Surgeon-performed sonar may facilitate the diagno-
sis of cardiac tamponade and holds great promise. It needs
to be introduced at our center. The role of conservativeman-
agement of minor grades of cardiac injury awaits further
clarification.
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